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Abstract
Background: We have investigated whether replacing conventional karyotyping by SNP array analysis in cases of
foetal ultrasound abnormalities would increase the diagnostic yield and speed of prenatal diagnosis in clinical
practice.
Findings/results: From May 2009 till June 2011 we performed HumanCytoSNP-12 array (HCS) (http://www.Illumina.
com) analysis in 207 cases of foetal structural abnormalities. HCS allows detecting unbalanced genomic
abnormalities with a resolution of about 150/200 kb. All cases were selected by a clinical geneticist after excluding
the most common aneuploidies by RAD (rapid aneuploidy detection). Pre-test genetic counselling was offered in
all cases.
In 24/207 (11,6%) foetuses a clinically relevant genetic abnormality was detected. Only 8/24 abnormalities would
have been detected if only routine karyotyping was performed. Submicroscopic abnormalities were found in 16/
207 (7,7%) cases. The array results were achieved within 1-2 weeks after amniocentesis.
Conclusions: Prenatal SNP array testing is faster than karyotyping and allows detecting much smaller aberrations
(~0.15 Mb) in addition to the microscopic unbalanced chromosome abnormalities detectable with karyotyping (~ >
5 Mb). Since karyotyping would have missed 66% (16/24) of genomic abnormalities in our cohort, we propose to
perform genomic high resolution array testing assisted by pre-test counselling as a primary prenatal diagnostic test
in cases of foetal ultrasound abnormalities.
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Findings
Array based diagnosis of foetal unbalanced chromosome
abnormalities has been successfully employed on prenatal
material [1,2]. However, the standard cytogenetic prenatal
diagnosis often still includes time-consuming karyotyping
followed by targeted FISH or MLPA analysis when a sub-
microscopic abnormality is suspected. Although foetal
anomalies are a strong indication of a genetic abnormality,
chromosome analysis can only detect aberrations in about
one fifth of cases [3]. In 1999-2010 we tested 3076 cases of
foetuses with abnormal ultrasound findings and 21,7%
(665) had an abnormal karyotype (including triploidy, tris-
omy 13, 18, 21 and aneuploidies of X and Y chromosome).
Prenatal genetic diagnosis after ultrasound detection of
foetal abnormalities requires a fast diagnostic technique.
A technique with higher resolution than karyotyping is
preferable to avoid the need of subsequent microdele-
tion/microduplication testing. Implementing rapid
microarray technology in routine prenatal diagnosis will
allow the detection of unbalanced chromosomal abnorm-
alities in a shorter period of time with much better reso-
lution than conventional karyotyping [4].
We have investigated whether replacing conventional
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In order to implement SNP array analysis we first stu-
died its limitations. Array technology cannot detect true
balanced chromosome abnormalities and non-euchro-
matic small supernumerary marker chromosomes (sSMC).
Since these sSMCs are assumed to be benign in absence of
uniparental disomy (UPD), detectable with SNP arrays [5],
we further concentrated on balanced abnormalities. It is
known that the prevalence of de novo balanced abnormal-
ities in prenatal cohorts is low. 66 cases of apparently de
novo balanced abnormalities were found in a cohort of
76952 samples by Warburton 1984 [6]. We have investi-
gated the prevalence of a de novo reciprocal apparently
balanced translocations in the population tested in our
laboratory. In 1999-2010, of the total 23,357 cases, 3076
were karyotyped because of (an) ultrasound abnormality
(ies). Only 2/3076 foetuses had a de novo apparently
balanced reciprocal translocation (which is concordant to
the data presented by Warburton 1984 [6]). These 2 cases
were retrospectively testedw i t haH u m a n C y t o S N P - 1 2
array (HCS, 150 kb resolution). The first case (foetus with
single umbilical artery, increased NT and a small sto-
mach), who had a de novo apparently balanced t(1;6)(p31;
q15) appeared to have a 3,8 Mb deletion at 1p31 and addi-
tionally a 3,1 Mb duplication in the 22q11 DiGeorge criti-
cal region. The second case (foetus with choroid plexus
cysts and gastroschisis), who had an apparently balanced
de novo t(9;20)(p12;q13.1), appeared to be truly balanced,
when tested with HCS. Based on these data one can
assume that the risk of a true balanced reciprocal translo-
cation in foetuses with an ultrasound anomaly is very low:
~1:3000.
Low level mosaicism was another of our concerns in
considering a SNP array as a primary diagnostic tool.
Traditional karyotyping can exclude 26% mosaicism with
95% confidence when 10 cells are investigated, which is
common practice in the Netherlands [7]. Recently, it was
shown that Illumina SNP array can detect 10% of abnor-
mal cells or even less if mosaicism involves the introduc-
tion of a new haplotype [8].
Although CGH array has also been successfully imple-
mented into prenatal diagnosis [9], as we described
before [4], we have chosen Illumina SNP array mainly
because it requires only 50 ng DNA, long culturing can
be avoided and rapid results can be provided within
72 hours.
From May 2009 till June 2011 723 cases of foetal ultra-
sound abnormalities were referred to our laboratory for
prenatal cytogenetic testing. RAD (rapid aneuploidy detec-
tion) by using FISH, MLPA or QF-PCR was performed on
all cases of ultrasound abnormalities. In 143 of 723
(19,7%) cases trisomy 13, 18, 21 or sex-chromosomal
aneuploidy was found. In 12 of 723 (1,6%) triploidy was
detected. After excluding the most common aneuploidies
and triploidy by RAD the gynaecologists referred the
patients to a clinical geneticist for pre-test genetic counsel-
ling and genomic array testing. After pre-test counselling
(performed as described before [4]) clinical geneticists
selected 207 cases for high resolution SNP array testing
(including the 61 pilot cases that were previously pub-
lished [4]).
In the first cases, a genomic array was requested after
the karyotype appeared to be normal, later on both array
and karyotyping were simultaneously performed to com-
pare the performance and reporting time. Since September
2010 we perform array testing as a stand-alone test.
Foetal and parental DNA were simultaneously tested to
exclude familial variations. The parental DNA was not
always necessary to interpret the foetal array data, but to
avoid the subsequent testing and speed up the analysis it
was performed simultaneously to the foetal array. The
array profiles were analyzed in UCSC built Hg18 (Human
Mar. 2006 (NCBI36/hg18) Assembly) by using Nexus
Copy Number 5.0 software (BioDiscovery) [4].
After excluding the most common trisomies and tri-
ploidy by RAD 207 cases were tested with HCS. In 24/207
(11,6%) foetuses a clinically relevant genetic abnormality
was detected by genomic array (Additional file 1). A CNV
was classified as clinically relevant if it was associated with
a known disease or genetic syndrome or associated with
an increased risk for such a disease or genetic syndrome.
In 8/207 (3,7%) cases microscopically detectable abnorm-
ality was found. Submicroscopic abnormalities were found
in 16/207 (7,7%) cases with foetal ultrasound abnormal-
ities. These results are concordant to the data reported
before (9% (10/106) [10], 10% (5/50) [11], 8.2% (4/49)
[12]).
The use of SNP array technology instead of karyotyp-
ing increased the diagnostic yield from ~25% (19,7%
common aneuploidies, 1,6% triploidy, 3,9% chromoso-
mal abnormalities that would have been detected by
karyotyping (8/207)) to ~33% (19,7% common aneuploi-
dies, 1,6% triploidy and 11,6% all abnormalities detected
by genomic array). However, the cases presented here,
were highly selected (by both gynaecologists and clinical
geneticists) and the percentage could change if the array
testing is offered for all foetuses with ultrasound
abnormalities. The reporting time was shortened from
2-3 weeks (karyotyping in AF in our center) to ≤ 1-2
weeks (array request on uncultured AF).
Only 8/16 submicroscopic abnormalities were larger
than 1 Mb. Therefore, we believe that array testing with
the resolution higher than 1 Mb is required for cases
with foetal ultrasound abnormalities.
In 5 cases (cases 13-16 and 20 - Additional file 1) an
unexpected abnormality was found. A CNV associated
with an increased risk for a health condition was found.
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abnormality found in the foetus and may not be suffi-
cient to cause a phenotype. However it is known that
these genomic regions have been hypothesized to be
susceptibility loci. Incomplete penetrance or variable
expressivity might be the explanation of the phenotype
variability. The abnormal phenotype might also be
caused by co-existence of an additional genetic, epige-
netic, or environmental factor [13]. In such cases the
correlation with the prenatal phenotype is extremely dif-
ficult as no large patients’ groups with such CNVs were
prenatally studied or described. Such finding could be
problematic, however in our department the possibility
of finding such risk factors is discussed with the patients
during the pre-test counselling [4]. Whether information
about risk factors was released to the patient depends
on her own choice after pre-test counselling.
In 32% of our cases an unclassified variant (UV) was
found. A copy number variant (CNV) was classified as an
UV if it was not associated with a known human abnormal
phenotype and was not seen in more than 3 healthy indivi-
duals in DGV http://projects.tcag.ca/variation/, CHOP
database (http://cnv.chop.edu) or in our local databases.
About 85% of these unclassified variants were inherited
from a healthy parent and therefore considered to be a
(private) familial polymorphism. According to our policy,
results of unknown clinical significance were not revealed
to the parents (during the pre-test counselling the patient
consent was obtained and the consequences were
discussed).
After evaluation of the advantages and disadvantages
of the SNP array technology, its validation in our labora-
tory [4] and a year experience, we decided to replace
karyotyping by a HumanCytoSNP-12 array (HCS) in
cases of foetal ultrasound abnormalities for several
reasons:
￿ HCS detects all clinically relevant unbalanced chro-
mosome abnormalities also detected by karyotyping
(including triploidy)
￿ HCS has a 25-50× higher resolution than karyotyp-
ing and therefore allows genome wide screening for
microdeletions and microduplications.
￿ It can be employed on uncultured tissue (only 50 ng
DNA is required)
￿ It is faster than karyotyping (in most cases results
can be achieved within one week)
￿ The risk of undetected low level mosaicism is likely
to be smaller than with conventional karyotyping [8,14],
which is supported by our case 7 (Additional file 1:
mosaic trisomy 8 (~10%) that has been missed by
karyotyping).
SNP array analysis is now the preferred cytogenetic
technique in cases of foetal ultrasound abnormalities
after exclusion of the most common aneuploidies and
triploidy. It has already been shown that the diagnostic
yield can be increased by 3,6% in samples with normal
karyotype regardless of the indication [15]. Since karyo-
typing would have missed 66% (16/24) of genomic
abnormalities in our cohort, we propose to perform
genomic high resolution array testing assisted by pre-
test counselling as a primary prenatal diagnostic test
after amniocentesis in cases of foetal ultrasound
abnormalities.
Additional material
Additional file 1: Table 1. Summary of clinical significant abnormalities
detected by SNP array in 24 of 207 cases.
Acknowledgements
We thank gynaecologists, sonographists and clinical geneticists for referring
patients.
Author details
1Department of Clinical Genetics, Erasmus MC, Rotterdam, the Netherlands.
2Department of Obstetrics and Gynaecology, Division of Obstetrics and
Prenatal Medicine, Erasmus MC, Rotterdam, the Netherlands.
Authors’ contributions
MIS coordinated the study, wrote the paper and studied the literature. MB
performed the microarray analyses. TCB and MK did the ultrasound
examination and sampling. GOO, LCPG, KEMD, RO, IMBHvdL and MJ did the
genetic counselling of the parents (pre-test and post-test counselling),
coordinated by R-JHG. MIS, R-JHG and DVO were responsible for the final
molecular cytogenetic diagnoses and reports. All authors read and approved
the manuscript.
Competing interests
The authors declare that they have no competing interests.
Received: 12 October 2011 Accepted: 13 March 2012
Published: 13 March 2012
References
1. Rickman L, Fiegler H, Shaw-Smith C, Nash R, Cirigliano V, Voglino G, Ng BL,
Scott C, Whittaker J, Adinolfi M, et al: Prenatal detection of unbalanced
chromosomal rearrangements by array CGH. J Med Genet 2006,
43:353-361.
2. Van den Veyver IB, Patel A, Shaw CA, Pursley AN, Kang SH, Simovich MJ,
Ward PA, Darilek S, Johnson A, Neill SE, et al: Clinical use of array
comparative genomic hybridization (aCGH) for prenatal diagnosis in 300
cases. Prenat Diagn 2009, 29:29-39.
3. Wladimiroff JW, Cohen-Overbeek TE, Ursem NT, Bijma H, Los FJ: Twenty
years of experience in advanced ultrasound scanning for fetal anomalies
in Rotterdam. Ned Tijdschr Geneeskd 2003, 147:2106-2110.
4. Srebniak M, Boter M, Oudesluijs G, Joosten M, Govaerts L, Van Opstal D,
Galjaard RJ: Application of SNP array for rapid prenatal diagnosis:
implementation, genetic counselling and diagnostic flow. Eur J Hum
Genet 2011.
5. Roberson ED, Pevsner J: Visualization of shared genomic regions and
meiotic recombination in high-density SNP data. PLoS One 2009, 4:e6711.
6. Warburton D: Outcome of cases of de novo structural rearrangements
diagnosed at amniocentesis. Prenat Diagn 1984, 4:69-80.
7. Hook EB: Exclusion of chromosomal mosaicism: tables of 90%, 95% and
99% confidence limits and comments on use. Am J Hum Genet 1977,
29:94-97.
8. Conlin LK, Thiel BD, Bonnemann CG, Medne L, Ernst LM, Zackai EH,
Deardorff MA, Krantz ID, Hakonarson H, Spinner NB: Mechanisms of
Srebniak et al. Molecular Cytogenetics 2012, 5:14
http://www.molecularcytogenetics.org/content/5/1/14
Page 3 of 4mosaicism, chimerism and uniparental disomy identified by single
nucleotide polymorphism array analysis. Hum Mol Genet 2010,
19:1263-1275.
9. Lee CN, Lin SY, Lin CH, Shih JC, Lin TH, Su YN: Clinical utility of array
comparative genomic hybridisation for prenatal diagnosis: a cohort
study of 3171 pregnancies. BJOG 2012.
10. Tyreman M, Abbott KM, Willatt LR, Nash R, Lees C, Whittaker J, Simonic I:
High resolution array analysis: diagnosing pregnancies with abnormal
ultrasound findings. J Med Genet 2009, 46:531-541.
11. Valduga M, Philippe C, Bach Segura P, Thiebaugeorges O, Miton A, Beri M,
Bonnet C, Nemos C, Foliguet B, Jonveaux P: A retrospective study by
oligonucleotide array-CGH analysis in 50 fetuses with multiple
malformations. Prenat Diagn 2010, 30:333-341.
12. D’Amours G, Kibar Z, Mathonnet G, Fetni R, Tihy F, Desilets V, Nizard S,
Michaud J, Lemyre E: Whole-genome array CGH identifies pathogenic
copy number variations in fetuses with major malformations and a
normal karyotype. Clin Genet 2011.
13. Veltman JA, Brunner HG: Understanding variable expressivity in
microdeletion syndromes. Nat Genet 2010, 42:192-193.
14. Gonzalez JR, Rodriguez-Santiago B, Caceres A, Pique-Regi R, Rothman N,
Chanock SJ, Armengol L, Perez-Jurado LA: A fast and accurate method to
detect allelic genomic imbalances underlying mosaic rearrangements
using SNP array data. BMC Bioinforma 2011, 12:166.
15. Hillman SC, Pretlove S, Coomarasamy A, McMullan DJ, Davison EV,
Maher ER, Kilby MD: Additional information from array comparative
genomic hybridization technology over conventional karyotyping in
prenatal diagnosis: a systematic review and meta-analysis. Ultrasound
Obstet Gynecol 2011, 37:6-14.
doi:10.1186/1755-8166-5-14
Cite this article as: Srebniak et al.: Genomic SNP array as a gold
standard for prenatal diagnosis of foetal ultrasound abnormalities.
Molecular Cytogenetics 2012 5:14.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Srebniak et al. Molecular Cytogenetics 2012, 5:14
http://www.molecularcytogenetics.org/content/5/1/14
Page 4 of 4